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AUTOLOGOUS MARROW STEM CELL (MSG) TRANSPLANTATION 
FOR MYOCARDIAL REGENERATION 

BACKGROUND OF THE INVENTION 

5 (a) Fiel d of the Invention 

The invention relates to autologous bone marrow stroma cells 
(MSCs) can be transplanted into the myocardium to grow new muscle fibers, 
which could improve cardiac function in patients with heart failure. The 
specific aims of the invention include: 1) using cell labeling technique to 
10 confirm the survivai and differentiation of the implanted MSCs. and to identify 
their phenotype by both morphology and molecular markers; 2) examine the 
effects of the micro-environment of the implanted cells, on their differentiation 
and phenotype expression; and 3) the functional contribution when MSCs are 
implanted into an ischemic segment of the myocardium. 
15 {b^ Description of Prior Art 

Heart failure is both common and deadly. in Canada, 
approximately 50,000 new cases of heart failure are diagnosed, and more 
than 300,000 patients currently suffer this condition. Heart failure is the only 
major cardiovascular disorder tnat is increasing in incidence and mortality at 
20 present, and in Class IV patients, one year mortality approaches 50% in spite 
of advances in drug therapy in recent years (1 ). 

Artificial heart and mechanical cardiac assist are largely used as 
a bridge to transplantation today, and they still face formidable difficulties of 
thromboembolic complications and suitable energy source. Cardiac 
25 transplantation can have dramatic improvements in terminal heart failure 
patients, but its availability is severely restricted by the donor availability, as 
well as by the complications associated with immunosuppression. These 
approaches are also very expensive, straining the limited health care 
resources. 

30 One exciting new approach in recent years Is tissue engineering, 

in which various ceils are cultured in vitro over biodegradable polymer 
scaffolds to create a 3-dimensional construct in vitro, which can then be 



.minted to replace damaged tissues or organs. Upon the absorption of a 
biodegradable scaffold in vivo, these replacements tissues would not require 
immunosuppression if autologous donor cells were used for tissue 
engineering. Advances are being made in constructing cardiovascular 
* structures, such as arteries and cardiac valves. Attempts are also being 
made to engineer 3-dimensional myocardial tissue blocks by seeding cardiac 
myocytes on a 3-d.mensional scaffold, and cultured in rotating bioreactors 
Wrtnout concomitant creat.cn of a coronary vascular system within these 
constructs, however, such tissue engineered myocardium cannot be used 
10 therapeutical^ in vivo, as they will suffer rapid ischemic necrosis. 

Such difficulties described above may be circumvented by tissue 
engineering neomyocardiurn in vivo. As is well known, cardiomyocyte loss 
from myocyte necrosis and apoptosis plays an important role in the initiation 
and progression of heart failure (2). 'Cellular cardiomycplasty" (3) is a 
1* potential future therapy for heart failure in which donor cells with the potential 
to d.rferentiate into cardiac myocytes are imputed into the damaged 
myocardium in order to regenerate new muscle fibers. To date, a number of 
donor cells had been studied by various investigators, and they are 
summarized below. 

20 A. F & tai Cardioniyocytes; 

Differentiated fetal cardiomyocytes retain a capacity for 
proliferation. Both in rodent and in canine mode*, feta, cardiomyoey.es 
■mplanteo Into the myocardial wall of adutt animals have been shown to be 
successfully engrafted, and develop into cells which are morphologically and 
-5 funct,onal,y indistinguishable with the native card,ac myocytes within the 
rec,p,ent heart. They form gap junctions which should allow them to be 
depolarized and contract synchronous as a syncytium (4). By using feta( 
cells however, the problem of donor ce„ availably becomes more 
orm,da ,e and theethica. issues more cmpie, Unlike for the use of feta 
> cells for treatment of neurotica, diseases, such as Parkinson's disease >n 
wh,ch engraftmentof small numbers of cells may be adequate for therapeubc 
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effect, fetal catdio myocyte transplantation is likely to require millions of new 
ceils to be efficacious, and continued proliferation of engrafted myocytes 
cannot be expected to expand the population, once they are removed from 
the donor embryos. 

5 B. Embryonic Stem Cells; 

Kiug et al transfected into embryonic stem cells transgene that 
confers resistance to a toxic drug under the control of a cardiac specific 
promoter. When embryoid bodies derived from these stably transfected 
embryonic stem celts were exposed to the toxic antibodies, only cardiac 

10 myocytes survived. These cells were harvested and injected into the 
myocardial wail of the adult mice, where they engrafted and formed 
appropriate cell-to-cell junctions, i.e. intercalated discs with desmosomes and 
gap junctions, with host cardiomyocytes while maintaining a morphologically 
differentiated state, in principle, this strategy would allow for generating large 

15 numbers of donor myocytes. The ethical issues of using embryonic stem 
cells are currently hotly debated. 

C. Modified Aduit Cardiomyocytes and Myoblast Cell Lines: 

The adult cardiomyocytes are generally believed to be terminally 
differentiated and thus unable to proliferate. However, Li's group in Toronto 

20 had reported that adult cardiomyocytes obtained from biopsy can be induced 
to proliferate in vitro, while retaining some phenotypic characteristics of the 
cardiac myocytes, and they can be successfully engrafted into the 
myocardium. They also showed that such cells implanted into an ischemic 
myocardium could improve ventricular function. These interesting and 

25 potentially very important findings, however, require independent 
confirmation, more precise identification of cellular phenotype, 3nd assurance 
against oncogenicity of the transformed cardiac myocytes before they can be 
considered for clinical use. 

Robinson et al and other investigators implanted cells from 

30 established cell lines, such as C2 C12 cells which were originally derived 
from skeletal myoblasts (satellite cells). There is evidence mat such cells, in 



«» of their origin from skeletal muscle, may transdifferentiate in the hear. 
acqu,nn g carta. phenotypic character of a cardiac myocyte. suoh as the 
expression of Connexin-43 and the formation of desmosomas a. ce 
toncons. Although |, is very convenien , (o use ^ ^ 

- can be purcnased from aupptiera. the concern on oncogenicity upo n 
transplantation in vivo, and the noon w ~ 

ana tne need for immunosuppression may limit their 
application in clinical therapy. 

D- Adult Skeletal Myoblasts (Satellite Cells): 

Ourgroup. in collaboration with Race Kao of East Tennessee State 
10 University, ad explored the feasibiiltyof implanang autologous myoblasts 
m*» ce„s) handed from the adui, skeleta, mueCe. Using oelUabeiing 
technigue and phanotype specific antibodies, we nave over the last severa" 
years praaented strong evidence that these myoblasts can undergo milieu- 
dependant .^differentiation, and deveiop into striated muscle fibers with 
« ow myosin heavy chains as we,, as intercalated discs exposing Connexin- 
43. Taylor e. a, confirmed that such engulfed satellite cells show 
f-oras similar to immature cardiac myocyte, and when t 
Implanon too, place within a conjured myocardium, cellular 
^0 ZlTT^ imPr ° Ve »* SyS, °" C a " d ~ Jetton, of 

Tab-en 7 " "*» *"~ «^ 

a a Th r Un ° l08,Ca ' rejeC " OT ' ^ "° n ~ «° - f *°< with 
* associated e.h.ca, controversies. Nevertheless. H would require sacnfclnp 
the plant's eke.ata, muscle, and tha concern that the number of 

decrease wrth aga. The optimal "condiW for satellite cells to 
ttansdifferentiata Into candiomyocyteahave no. baan Ceady defined I Z 

rnolac.,armacha„l3maofm,ll^apenden,dfffaran«, a8 on remain unC 
it wouid be highly daairabla to be provided Witt, means to perform 

myocardial implantation without ellcitina a „ imm , 
•n • „ eliciting an immune response and without 

•0 sacnricmg the patient s skeletal muscle. 
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SUMMARY QF THE INVENTION 

One aim of the present invention is to provide with means to 
perform myocardial implantation without eliciting an immune response and 
without sacrificing the patient's skeletal muscle. 
5 Another aim of the present invention Is to provide with means using 

cell labeling technique to confirm the survival and differentiation of the 
implanted MSCs, and to identify their phenotype by both morphology and 
molecular markers. 

Another aim of the present invention is to provide with means to 
1 0 examine the effects of the micro-environment of the implanted cells, on their 
differentiation and phenotype expression. 

Another aim of the present invention is to provide with means to 
pi examine the functional contribution when MSCs are implanted into an 

4 ischemic segment of the myocardium. 

2 15 in accordance with the present invention, there is provided a 

method of improving cardiac function in a patient with heart failure without 

5 eliciting an immune response and without sacrificing the patient's skeletal 
H muscle; which comprises the step of transplanting autologous bone marrow 
0 stroma cells (MSCs) into said patient's myocardium to grow new muscle 

20 fibers. 

The method may further comprise the step of using cell labeling 
technique to confirm survival and differentiation of implanted MSCs, and to 
identify said MSCs phenotype by both morphology and molecular markers. 

The method may further comprise examining the effects of the 
25 micro-environment of implanted MSCs on their differentiation and phenotype 
expression. 

The method may further comprise examining functional 
contribution of MSCs implanted into an ischemic segment of the myocardium. 

The transplanting may be effected in the myocardium in situ, in the 
30 myocardium artery or using a catheter from within the myocardium. 

The transplanting may also be effected in association with 



15 



20 



30 



angiogenesis factors. 

Recently, preliminary studies were carried out using autologous 
bone marrow stroma cells (MSCs) as donor cells for myocardial implantation. 

In accordance with the present invention, the rationale for using 
5 MSCs as donor cells for cellular cardiomyoplasty is as follows. 

The bone marrow stroma micro-environment is a complex network 
of cells and extracellular matrix, which maintains the hematopoietic system 
throughout the life of the individual. Hematopoietic cells are found in the 
spaces between the marrow stroma. The marrow stroma cells (MSCs) are 
' functiona "V defi <^ as capable of supporting hematopolesis (6), but lacking 
hematopoietic determinants (e.g., CD45, CD34, CD41, CD14, T- or B-cell 
markers and Mac-1). 

Recent evidence showed that MSC definitely has a role in the 
"mesengenic process" for self-repair (7). The body has developed two major 
strategies for tissue replacement and renewal. The first way the body 
attempts cell repair is predicated on the remaining proliferative capacity of 
differentiated, functioning cells; hepatocytes and endothelial cells fall into 
th,s category. The second way i S by their regeneration from residual cycling 
stem celis. An example in this category is the blood celis; ail cells of the 
hematopoietic iineage are derived from a limited number of self-renewing 
multi-pctent cells which respond to the appropriate cytokines and growth 
factors for differentiation. 

However, it is now clear that bone marrow also contains cells that 
meet the criteria for stem cells of non-hematopoietic tissue, and they are 
currently referred to as mesenchymal stem cells, because of their ability to 
d.fferentiate into celis that can roughly be defined as mesenchyme These 
cells are also known as marrow stroma cells (MSCs), because they appear 
to ar.se from the supporting structures found in bone marrows. 

The presence of stem cells for non-hemato P oietic cells in bone 
marrow was first suggested by the oblation of German pathologist 
Cohnheim 130 years ago. His work raised the possibility that bone marrow 
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might be the source of fibroblasts that deposit collagen fibers as part of the 
normal process of wound repair. Although his thesis has not yet been fully 
substantiated, definitive evidence that bone marrow contains ceils that can 
differentiate into fibroblasts as well as other mesenchymal cells has been 
5 available since the pioneering work of Friedenstein (8), beginning in the mid 
1970's. Friedenstein placed samples of whole bone marrow in plastic culture 
dishes and after about 4 hours, poured off the cells that were non-adherent 
to the dish, which in effect removed most of the hematopoietic stem cells and 
their progeny. After passage several times in culture, the adherent cells 
10 became more uniformly spindle-shaped in appearance, The striking feature 
of these cells was that they had the ability to differentiate into colonies that 
? m resembled small deposits of bone or cartilage. Further studies confirmed that 

\j\ MSCs isolated by Friedenstein's procedure were multi-potential, and readily 

ijj differentiated into osteoblasts, chondroblasts, adipocytes, and myoblasts. 

j|| 1 5 Most importantly, it has been demonstrated that the MSCs, even after 20 to 

a" 30 cell doublings in culture were able to maintain their characteristics as 

% multi-potential stem cells, capable of differentiating into various mesenchymal 

W cells listed above. 

:>5 in order to elucidate the biological role of the multi-potential MSCs, 

20 Pereira et al (9) carried out a highly innovative experiment. They isolated 
MSCs using the technique of Friedenstein et al from transgenic mice 
expressing a mutated collagen gene, which could be used as a cell marker 
by producing mutated Type I coilagen molecules. These MSCs were injected 
intravenously into mice without this gene marker. After one week, few of the 
25 donor celis were found in the recipient mice. At one and five months, 
however, the donor cells accounted for 1 .5 to 12% of the differentiated cells 
in bone, cartilage, and lung in addition to marrow and spleen, ft appeared 
that ihe donor MSCs first replaced a portion of the MSCs in the bone marrow 
of the recipient mice. The MSCs then participated in a normal biological 
30 cycle in which MSCs in the bone marrow served as a continuing source of 
progenitor cells for a variety of mesenchymal tissues in the body. 
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Furthermore, their findings suggested that the progeny of MSCs acquired the 
phenotype of different target tissues, either before they left the marrow, or 
after they have entered the micro-environment of the tissue itself through 
"milieu-dependent differentiation". Caplan (7) thus postulated that MSCs 
' P artic ''Pate in the "mesengenic process" which continues throughout life. This 
process functions to continually rejuvenate various mesenchymal tissues and 
ensure rapid repair of tissue injuries. Such repair involves the recapitulation 
of the same cellular transitional events observed during embryonic 
development on the scaffolding of the pre-existing macro-morphology and its 
signaling systems. Clinical applications of these findings have been 
attempted. For example, Horwitz et al reported on the initial favorable results 
of allogenic bone marrow transplantation in children with osteogenesis 
imperfecta. 

The myocardium belongs to mesenchymal tissues. Can the MSCs 
differentiate to cardiac myocytes? Makino et al (10) recently showed that 
MSCs indeed could do so in vitro under proper conditions. After 
immortalizing MSCs by prolonged culture in vitro, they were able to identify 
a single done of adherent fibroblast like cells which, when treated with 5- 
azacytidine, would reproducibly differentiate into adjoining myocytes with 
synchronous beating. Analysis of the isoforms of contractile protein genes, 
such as myosin heavy chain, myosin light chain, P-actln, indicated that the 
phenotype of these cells was similar to that of fetal ventricular 
cardiomyocytes. After differentiation, these cells, which they called 
cardiomyogenic cells, acquired many morphologic features of cardiac 
muscle, including sarcomeres, one to three centrally located nuclei, and atrial 
granules. They also expressed several cardiac specific genes, including the 
GATA4 and Nkx2.5 transcription factors and the brain natriuretic peptide 
(BNP) as well as atrial natriuretic factor (ANF) genes. They stained positive 
with anti-myosin, antj-desmin, and anti-actinin antibodies. In addition, they 
displayed cardiac like action potentials with a shallow resting membrane 
potential, long action potential duration, as well as a late diastolic slow 
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depolarizatiort current. It should be emphasized that these findings were 
obtained and observed in vitro only, and no in vivo studies had been reported 
before the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Illustrates four days after implantation of MSC into the 
myocardium; Top panel: Hematoxylin and eosin stain; Lower 
panel:Fiuorescent microscopy picture, showing MSCs labeled with DAPI; 
Fig. 2 illustrates four weeks post-implantation; and 
Fig. 3 illustrates specimen four weeks after MSC implantation into 
the myocardium; Top panel: Hematoxylin and eosin stain; Lower panel: 
Fluorescent cells originated from MSCs labeled with DAPI in vitro. 
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DETAILED DESCRIPTION OF THE INVENTION 

15 |n accordance with the present invention, there is provided means 

to perform myocardial implantation without eliciting an immune response and 
without sacrificing the patient's skeletal muscle. 

CLINICAL SIGNIFICANCE, POSSIBLE PROBLEMS AND FUTURE 
20 STUDIES 

The ability to regenerate a functioning cardiac muscle in patients 
with heart failure, who have lost a significant amount of native cardiac muscle 
fibers through ischemic necrosis and apoptosis, should open a new approach 
for the therapy of heart failure. Using autologous MSCs as donor cells for 

25 such eel! transplant therapy has a number of important advantages. By using 
autologous MSCs. we can avoid the need for fetal tissue with its ethical and 
legal controversies, as well as avoiding the need for immunosuppression. 
Unlike using modified cardiac myocytes or established cell line myoblasts, 
the danger of oncogenicity could be diminished. Using autologous skeletal 

30 myoblasts, although sharing many of the advantages listed above with 
MSCs, would however require the sacrifice of a patient's skeletal muscle, 
which is irreplaceable. In contrast, bone marrow puncture, a routine clinical 
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procedure. can be repeated to harvest MSCs for more than one occasion. 
The procedure is also much less invasive, and can be easiJy performed in 
patients under local anesthesia, in contrast to the excision of a major muscle 
mass, such as the latissimus dorsi muscle in order to harvest satellite cells 
5 The latter procedure would likely require general anesthesia. Considering 
that such patients will be already suffering from severe heart failure, 
invasiveness of the procedure required for donor cell harvesting could be an 
important clinical consideration. The cell implantation procedure can be 
combined with other surgical operations, such as coronary bypass surgery, 
10 or by minimally invasive surgical techniques or by transvenous catheter 
injections. 

Possible problems include false positive results associated with 
some ceii labeling techniques as well as the interpretation of phenotype 
specificity associated with immunohistochemical findings. For example a 
15 myosin-slow molecule may be detected both in Type I skeletal muscle fibers 
as well as in cardiac myocytes, and Connexin 43 may be expressed in 
immature myoblasts. Nevertheless, by employing several different cell 
labeling techniques and immunostain antibodies, correlating with histological 
and ultrasrructural examinations, much of these uncertainties may be 
10 addressed. 

Future studies include clinical trails and mechanistic Investigations 
We see minimal medical and ethical difficulties for clinical trial using this 
approach for a number of reasons described above. In our future study we 
look forward to interacting with basic scientists to further explore the signaling 
5 mechanisms and molecules in the micro-environment responsible for MSC 
d,fferentiation in the myocardium. Although such studies are outside the 
scope of our current three year project, we believe our findings and our 
technical abilities will offer a va.uable basis to pursue such scientific 
knowledge. For example, we will be comparing differentiation of labeled cells 
> .mplanted at the center, and at the periphery of the infarcts. Differentiation 
may be facilitated at the peripheral border zone, as reported by Atkins™ in 
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a satellite ceil implant study, if direct cell-to-cell contact is an important 
signaling mechanism for such differentiation to take place. The role of 
cytokines and other growth factors can be examined in the future. 

5 PRELIMINARY STUDIES 

In our preliminary study, the isogenic rats were used as donors and 
recipients, since as in the autotrans plants, this model obviates the need for 
immunosuppression. Lewis rats weighting 175 to 200 grams were used in 
all experiments. As will be described in detail below, femoral and tibial bones 
10 were expianted from the donor rats and used as the source for bone marrow 
stroma ceils. Details of isolation, plating and passaging techniques for MSC 
ft !g will also be described below. The MSCs were expanded in culture for 2 to 

it 3 weeks and labeled with DAPI (4', 6-diamidino-2-phenylindole) before 

S transplanting them into the lateral wall of the left ventricle of the recipient rat 

Q 1 5 hearts. This was accomplished by direct injection of MSC suspension using 

53 a 28-gauge needle. At different time intervals ranging from 2 days to 4 

r 2 weeks following the implantation, the hearts were harvested and studied 

3 histologically. The hearts at the implant sites were sectioned serially, and 

!p stained with hematoxylin and eosin. Slides of the adjacent section to the 

5 20 above were examined under fluorescent microscopy to identify DAPI, which 

upon binding to the DNA of the MSCs prior to implantation, can be 
recognized as fluorescent positive cells' 25 '. 

The sections (6 um/thick) were also examined 
w immunohistochemically using antibodies against myosin-slow molecules. 

25 Other serial sections from these specimens are cu rrently undergoing studies 
using antibodies against the cardiac gap junctional protein. Connexin^l-3, and 
other phenotype specific antibodies, for immunolabeling and staining. 

Fig. 1 illustrates a microphotograph, attached with this application, 
was obtained 4 days after implantation. The implant site shows a needle 
30 track created during the process of injecting the MSCs, with some 
inflammatory response and fibrosis within the needle track. Fluorescent 
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microscopic examination demonstrated the presence of the labeled MSCs 
implanted. Fig. 2 shows labeled cells in the injection site, immunolabeled 
with myosin-slow antibodies which stains red. DAPI labeled fluorescent cells 
within needle track made during implantation. Immunohistochemical stain 
with antibody against slow myosin heavy chain, which shows red color. The 
triangle marker points to the native cardiac myocyte, and arrows point to the 
appearance of myosin molecules in the cytoplasm of implanted cells. 

The deep red color shows myosin-slow heavy chains in the native 
muscle (triangle), whereas the red stain adjacent to the labeled cells suggest 
the synthesis of myosin-slow molecules in the implanted cells (arrows). 
Fig. 3, a photograph taken a short distance away from the implant needle 
track, shows migrated or infiltrated MSCs appearing to have differentiated 
fully and were incorporated into cardiac muscle fibers, morphologically 
indistinguishable with the native myocardium. Clear labeling of these cells 
can be demonstrated under fluorescent microscopy. Morphologically, they 
appear identical to the native myocardial fibers. Photograph taken from the 
myocardium adjacent to the needle track, where the implanted cells had 
migrated or infiltrated. 

Additional studies are proposed below to confirm these findings 
as well a5 to further elucidate the phenotypes of the new muscle using 
additional specific antibodies. These prel.minary studies, however, clearly 
demonstrated the capability of our laboratory to carry out various 
experimental techniques, ranging from isolation, culture and identification of 
MSCs, as well as Implanting these cells to the rat hearts with virtually no 
mortality. 

EXPERIMENTAL PROTOCOL: 

The Rationale for Experimental Modeis 

In clinical application of the present invention, we foresee the use 
of autologous MSCs for cardiac implantation, in order to avoid the need for 
immunosuppression. Thus, we choose to use relatively inexpensive isogenic 
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Lewis rats for our study. The preliminary investigation described above 
indicates that this is a useful and reliable model, with little operative mortality 
for cardiac cell implantation in our hands. Furthermore, from our previous 
experience, we have the capability of performing coronary artery ligation and 
sequential echocardiographic studies in such animals, which again 
strengthens the feasibility of our proposed experiments. 

Experimental Design 

For each rat receiving cardiac cell implant (experimental animal), 
there wili be an isogenic rat to serve as the donor of bone marrow stroma 
cells. Another group of sham operated rats (controls) will undergo identical 
surgical procedures as the experimental animals, but will receive injection of 
cell culture media without MSCs. 

a) Donor rats will be sacrificed, and their femora! and tibial bones will 
be used to isolate, select and culture MSCs in vitro for 2 weeks using the 
technique described below. Then the cells will be collected, labeled and 
injected into the myocardium of the experimental recipient rats. 

b) Cell implant recipient (experimental) rats: The prospective future 
recipients for cell implant will undergo thoracotomy and ligation of the anterior 
descending coronary artery (see below). The chest wiil be closed and the 
animals monitored with weekly echocardiographic studies to observe 
changes in the ventricular wall motion of the ischemic zone for 2 weeks. In 
the second thoracotomy, these rats will receive injection of isogenic MSCs 
cultured and labeled in vitro. The injections will be made through a 26-gauge 
needie into the anterolateral wall of the left ventricle, both at the center of the 
infarct zone, as well as at the peripheral border zone between the infarcted 
and non-infarcted cardiac muscles. Following the implant procedure, the 
chest will be closed and studied weekly using echocardiography as described 
beiow. They will be sacrificed after cell implantation at an interval of 4 days. 
2 weeks, 4 weeks, and 3 months, with a sample size of 10 rats each. Frozen 
sections will be made serially through the implant site, at a thickness of 
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approximately 6 .urn each, and slides will be process for fluorescent 
microscopic, histological, immunohistochemica) and electron microscopic 
studies as described in detail below. 

c) Sham operated (control) rats: This group will undergo coronary 

artery ligation and cardiac implantation procedures exactly as described 
above for the experimental group. However, instead of receiving cultured 
and labeled MSCs, they will receive the same volume of culture media only 
They will be harvested at the same time intervals and studied in the same 
manner as described for the experimental animals. 

Sample Size 

The sample size of 10 was based on our preliminary study as this 
is a highly reliable model with minimal operative mortality in our hands We 
expect to find no implanted cells at all in our controls; while in the 
experimental animals, we expect to see them in virtually all of them. Based 
on our experience in the preliminary study, we think 10 rats in each group will 
give us clear results as to the validity of our study in proving our hypothesis 
although we have no preliminary data on wall motion study to calculate the 
sample size required. 

All animals will receive humane care and all experiments will be 
performed according to the "Guidelines to the Care and Use of Experimental 
Animals'' of the Canadian Council on Animal Care. 

Ce£!° P ' ating andPassa ^9 Techniques of Bone Marrow Stroma 
Isolation and primary culture of MSCs will be performed according 
to Caplan's method. After overdose with pentobarbital (100 mg/kg given 
intraperitoneal*) (MTC Pharmaceuticals, Cambridge. Ontario), the femoral 
and tibial bones of the donor Lewis rats (weighing 175 to 200 grams) will be 
collected and the adherent soft tissue removed. Meticulous dissection of the 
«ong bones will be carried out in order to remove soft tissue to ensure that 
myogenic precursors are not carried into the bone marrow preparation Both 
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ends of the bones will be cut away from the diaphysis with bone scissors. 
The bone marrow plugs will be hydrostaticaily expelled from the bones by 
insertion of 18-gauge needles fastened to 10 ml syringes filled with complete 
medium; the needles are inserted into the distal ends of the femoral and 
5 proximal ends of the tibial bones, and the marrow plugs expelled from the 
opposite ends. The marrow plugs are disaggregated by sequential passage 
through 18-gauge, 20-gauge and 22-gauge needles and these dispersed 
cells are centrifuged and resuspended twice in complete medium. Ceil 
viability is assessed by the trypan blue exclusion test. After the cells are 
10 counted in a hemocytometer, 5x1 0 7 cells in 7-10 ml of complete medium are 
m to be introduced into 60 mm polystyrene tissue culture dishes (Corning, Inc., 

5 Corning, NY), which are coated in advance with a layer of laminin (Sigma) to 

| promote marrow stroma cell adherence. Three days later, the medium is 

% changed and the non-adherent celts discarded. The medium is completely 

S 15 replaced every 3 days. In approximately 10 days after seeding, the dishes 

7 will become nearly confluent and the adherent cells can be released from the 

S dishes with 0.25% trypsin in 1 mmoi/L sodium ethylenediaminetetraacetic 

| acid (Gibco Laboratories, Grand Island, NY), split 1 .2, and seeded onto fresh 

S plates. After these twice passaged cells become nearly confluent, they can 

;, ° 20 be harvested and used for implantation experiments described below after 

being labeled with DAPI. The "complete medium" mentioned above for our 
culture consists of Dulbecco's modified Eagle's medium (DMEM, Gibco 
Laboratories) containing selected lots of 10% fetal calf serum (FCS; JR 
Scientific Inc., Woodland, CA), and antibiotics (Gibco Laboratories; penicillin 
25 G, 100 U/ml; streptomycin 1 00 ug/ml, amphotericin B 0.25 ng/ml) at 37°C in 
a humidified atmosphere of 5% C0 2 . 
Bone Marrow Stroma Ceil Labeling 

Although in our preliminary studies, we have used DAPI for cell 
labeling, with the expertise and experience of the co-investigator (J. 
30 Gaiipeau). we will use retroviral vectors as the tool for cell labeling. 
Retroviral vectors permit insertion of foreign synthetic genetic Information in 
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target ceils. Reporter genes such as ft-gaiactosidase, can therefore be 
stably integrated in chromozomal DNA. Expression of these transgenes 
permits ambiguous identification, by classic histochemical or fluorescence 
microscopy, of gene modified cells. As an example, retroviral labeling of 
5 hematopoietic stem cells is routinely carried out in the study of bone marrow 
transplantation in rodents. Undifferentiated (gene labeled) progeny cells of 
a widely different phenotype (lymphocytes, granulocytes, platelets, red blood 
cells) are readily detectable up to one year after bone marrow 
transplantation. We propose that retroviral labeled stroma cells that survive, 
10 proliferate or drfferentiate following cardiac implantation, will preserve and 
express the transgene as is classically observed in animals transplanted with 
retrovirus labeled hematopoietic stem ceils. With this technique, important 
questions regarding bio-distribution of transplanted stroma cells can be 
addressed. Unambiguous identification of "labeled stroma cells", as well as 
15 their differentiated progeny, local and distant to the site of implantation in the 
injured heart, will become possible. Identification of other "unexpected" 
progeny cells, such as endothelial cells, interstitial cells, possibly others, will 
also be feasible. Furthermore, very sensitive PCR-based techniques, now 
developed in our laboratory (J. Galipeau), can detect as little as 1 to 100,000 
20 transgene positive cells from tissue DNA extracts. 

We have also demonstrated in our laboratory that cultured primary 
marrow stroma cells are readily transduced with synthetic retroviral vectors. 
High efficiency gene transfer in cultured stroma cells is now routinely carried 
out in our laboratory, and genetically labeled cells can be expanded in vitro 
for up to 3 to 4 weeks without loss of reporter gene expression (in this case 
the green fluorescent protein). We have on hand a high titer VSV-G 
pseudotyped B-gal retroviral producer. We propose that transplanted stroma 
cells genetically labeled with a B-galactosidase retrovector will be readily 
identified by classic X-Gal staining of cardiac tissue sections. These labeling 
procedures and experiments will be carried out under the direct supervision 
of J. Galipeau, co-applicant. 
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Coronary Artery Ligation Model in Rats 

The recipient rats, both experimental and control, are isogenic 
Lewis rats weighing '175 to 200 grams. Anesthesia is induced and 
maintained with isoflurane (MTC Pharmaceuticals). The animals are 
intubated with an 18-gauge intravenous catheter and connected to a Harvard 
rodent ventilator (Harvard Apparatus Co.. Inc., South Natick, Mass.) at 85 
breaths per minute. The heart is exposed via a 1.5 cm left thoracotomy 
incision. Under direct vision, using a 5-0 prolene suture, the anterior 
descending coronary artery which is visible in the epicardium is ligated 
proximaliy. The thoracotomy is closed with 4-0 monofilament sutures. The 
muscle and skin layers are closed with 4-0 absorbable sutures and the 
animals are returned to their cages with filter tops. After the learning curve, 
the operative mortality is virtually nil. 

Cell Transplantation into the Rat Heart 

JU The recipient rats which underwent coronary artery ligation 2 

weeks previously will undergo a second operation. Anesthesia and 
S thoracotomy will be performed in the manner described above. Under direct 

% 20 vision, the MSC suspension is injected into the iaterai wall of the left ventricle 

with a 20-gauge needle, both at the center of the ischemic segment of the 
myocardium, and at the border zone at the junction between the infarcted 
and normal myocardium. The thoracotomy closure and post-operative care 
are similar to that described above, and the animals sacrificed at intervals 
25 after this procedure, as stated earlier. 

The sham operated control rats will undergo an identical procedure 
as described for cell Implantation in the experimental animals. The only 
difference is that instead of injecting cultured MSCs, an identical volume of 
culture media (component described above) will be injected. 

30 Echocardiography Studies on Wall Motion 

Transthoracic Doppler echocardiographic studies will be performed 
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in the rats every week following implantation. The rats are anesthetized as 
described above, the chest wall shaved, and echocardiography performed 
using our echo system equipped with a 7.5 MHZ transducer (Hewlett Packard 
Sonos 2500). A 2-dimensional short axis view of the left ventricle is obtained 
5 at the level of the papillary muscle to record M-mode tracing. Anterior and 
posterior end-diastolic and end-systolic wall thickness and LV diameters are 
measured using the American Society of Echocardiography Lineage Method 
from at least three consecutive cardiac cycles. The changes in wall thickness 
and ventricular segmental wall motion and diameter will be recorded on 
10 videotape, and assessed by blinded independent echocardiographers. 

Morphological and Immunohistochemical Studies 

The heart specimens obtained from the recipient rats at various 
intervals will be perfused with 100 ml of saline through the posterior wall of 
the left ventricle, avoiding the transplant area, then processed for frozen 
sections. The lateral wall of the left ventricle is isolated from the remainder 
of the heart. Sections 6 urn thick are cut from the hearts and successive 
sections collected by gelatine coated glass slides. This ensures that different 
stains could be applied on successive sections of the tissue cut through the 
transplanted area (Figs. 1 and 3). One of the sections is mounted and 
stained with X-Gal, to identify and view the B-gal labeled donor cells An 
adjacent section is stained with hematoxylin and eosin as described in the 
manufacturer's specification (Sigma Diagnostics) to depict nuclei, cytoplasm 
and connective tissue. Other adjacent sections will be immunolabeled using 
25 various antibodies for immunohistochemicai evaluation in order to identify 
phenotypic expression at the molecular level. These antibodies include 
those against myosin-slow molecules, cardiac gap junctional protein 
Connex,n 43. desmin, and sarcomeric myosin (MF 20). Finally, specimens 
w,ll also be processed and sent for ultrastructural examination in our future 
30 studies. 
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OTHER ADVANTAGES 

We foresee that labeled cardiac myocytes and fibers will be 
present in the implant site, which will exhibit positive immunohistochemical 
stains as one may expect in normal or immature cardiac myocytes. 
Echocardiographic studies may demonstrate improved systolic thickening of 
the ischemic ventricular wall segment, and reduced ventricular size and 
remodeling, as had been reported following the implantation of other donor 
cells. 

While the invention has been described in connection with specific 
embodiment thereof, it will be understood that it is capable of further 
modifications and this application is intended to Cover any variations, uses 
or adaptations of the invention following in general, the principles of the 
invention and including such departures from the present disclosure as come 
within the known customary practice within the art to which the invention 
pertains and as may be applied to the essential features hereinbefore set 
forth, and as follows in the scope of the appended claims. 
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WHAT IS CLAIMED IS- 

1- A method of improving cardiac function in a patient with heart 

fa.iure without eliciting an immune response and without sacrificing the 
patient's skeletal muscle; which comprises the step of transplanting 
autologous bone marrow stroma cells (MSCs) into said patients myocardium 
to grow new muscie fibers. 



2 



The method of claim 1 , which further comprises the step of using 
cell labeling technique to confirm survival and differentiation of implanted 
MSCs, and to identify said MSCs phenotype by both morphologv and 
molecular markers. 



3. The method of claim 1 , which further comprises examining the 

effects of the micro-environment of implanted MSCs on their differentiation 
and phenotype expression. 

4- The method of claim 1, which further comprises examining 

foncftonal contribution of MSCs implanted into an ischemic segment of the 
myocardium. 

5. The method of claims 1 to 4, wherein said transplanting is effected 
■n the myocardium In situ, in the myocardium arte,y or using a catheter from 
within the myocardium. 

6. The method of claims 1 to 4, wherein said transplanting is effected 
m association with angiogenesis factors. 
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ftncTPAP.T OP THE INVENTION 

The present invention relates to a method of improving cardiac 
function in a patient with heart failure without eliciting an immune response 
and without sacrificing the patient's skeletal muscle; which comprises the 
step of transplanting autoiogous bone marrow stroma cells (MSCs) into said 
patient's myocardium to grow new muscle fibers. The method may further 
comprise the step of using cell labeling technique to confirm survival and 
differentiation of implanted MSCs, and to identify said MSCs phenotype by 
both morphology and molecular markers. The method may further comprise 
examining the effects of the micro-environment of implanted MSCs on their 
differentiation and phenotype expression. The method may further comprise 
examining functional contribution of MSCs implanted into an ischemic 
segment of the myocardium. 
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